Effect of birth weight of piglets on growth rate and rearing performance up to 8 weeks of age. The aim of the experiment was to determine the effect of the birth weight of piglets on their rearing results up to 56th day of age, as expressed by growth rate and survival. Observations were made on 277 crossbred piglets from 22 litters of F1 sows (Polish Landrace × Polish Large White) derived from crossbred boars (Duroc × Pietrain), which were kept and fed the same way. Piglets were reared with mothers for 5 weeks and observed for 8 weeks. At 1st, 7th, 21st and 56th day of age, piglets were individually weighed. The body weight on day 1 of age served as a basis for dividing the piglets into groups I, II, III and IV (≤1.2; 1.21-1.39; 1.40-1.59; and ≥1.60 kg body weight, respectively). Coefficients of correlation were estimated between body weight on day 1 of age and at day 7, 21 and 56 of life, and daily gains. In the subsequent rearing periods, daily gains in groups I-IV increased and the differences between the groups showed similar relationships. Differences between groups II and III were small (P >0.05), and those between groups I and IV considerable and highly significant. The coefficients of correlation for piglets from groups I (the lightest at birth) and IV (the heaviest at birth) confirm the relationship between birth weight and body weight at 7th (P ≤0.01), 21st (P ≤0.01) and 56th day of age (P ≤0.05), with a downward tendency for the calculated relationships. Furthermore, in group I piglet birth weight was correlated with daily gains from 1st to 7th day (r = +0.365, P ≤0.01) and from 1st to 56th day of age (r = +0.291, P ≤0.05). With the increasing mean body weight at birth, piglet survival increased and was higher in group IV vs I by 13.64 percentage points. The birth weight ≥1.60 kg ensured the best growth rate and survival of the piglets.
INTRODUCTION
The biological potential of the species (18 piglets born per litter and 44 piglets per sow per year) is not used to the full, but the performance parameters continue to increase. Improvements in reproductive traits of pigs have been reported in many countries of Europe, including Poland. Over the last three decades of the 20th century, the number of piglets reared per sow per year increased on well-managed farms from 16 to 22, currently standing at 28-30 (Orzechowska and Mucha 2010, Blicharski et al. 2016) . Modern sows are characterized by high fertility, prolificacy and milk yield, which has been achieved due to breeding work, selection programmes, crossbreeding, as well as improvements in feeding programmes and management , Douglas 2015 . After substantial progress in litter size was made, neonatal weight was observed to decrease (Škorjanc et al. 2007 , Wolf et al. 2008 , Beaulieu et al. 2010 , Douglas 2015 , Hales et al. 2015 . This is associated with impaired growth and development of the mammalian embryo/fetus or its organs during pregnancy -IUGR (Wu et al. 2004 , Wang et al. 2005 , Rekiel et al. 2014b ). This phenomenon concerns not only multifetal and multiparous species, such as pigs, rabbits, mink, chinchillas, dogs, cats, mice or rats (Dzierżanowska et al. 2014 , Rekiel et al. 2014b , Święcicka et al. 2016 , but also those giving birth to one or 2-3 young, such as sheep, goats, cattle, and horses (Wang et al. 2005, Rekiel and . Realized fertility of sows was found to be conducive to reducing neonatal weight, as confirmed by the correlation r = -0.46, estimated by Milligan et al. (2002) . According to Foxcroft et al. (2006) , this relationship may be due to limited nutrient and oxygen transfer to the fetus. Prenatal nutritional deficiencies during myogenesis are conducive, according to many authors (Bee 2004 , Wang et al. 2005 , Rekiel et al. 2014b , to reducing birth weight of piglets and slowing postnatal growth and development. In the offspring born to sows underfed during gestation, Bee (2004) observed not only lower body weight, but also increased mortality during the first days of life. Highly significant positive coefficients of correlation between the body weight of suckling piglets and the growth rate of young pigs were reported by Bocian et al. (2011) . These relationships are supported by the findings of Václavková et al. (2012) . In the context of the presented subject matter, it is important to cite Rehfeldt et al. (2012) , who believe that despite the limited compensatory growth of piglets after birth, it may occur later on in pigs.
The effect of the birth weight of piglets on rearing performance and survival during the suckling period is economically important and so has been the subject of many analyses (Bocian et al. 2011 , Rekiel et al. 2015 . It also influences the rate of growth later in the rearing period (i.e. after weaning and during fattening), as well as the quality of slaughter material (Gondret et al. 2005 , Bocian et al. 2011 , Václavková et al. 2012 , Rekiel et al. 2014a . Fatteners with low birth weights were characterized by increased deposition of fatty tissue, which is unfavourable for processors and consumers (Gondret et al. 2005 , Rekiel et al. 2014a .
The aim of the experiment was to determine the effect of the birth weight of piglets on their rearing results up to 56 days of age, as expressed by growth rate and survival.
MATERIAL AND METHODS
The experiment was conducted on a commercial farm located in the Mazowieckie province. Subjects were 277 crossbred piglets from 22 litters of F1 sows (Polish Landrace × Polish Large White) derived from crossbred boars (Duroc × Pietrain). Piglets were reared with mothers for 35 days and observed until 56th day of age. All the experimental piglets were subjected to routine veterinary and management procedures, such as: marking, tail docking, teeth clipping, iron supplementation, preventive vaccinations; the young boars were castrated. Sows were moved into farrowing pens with crates 7 days before predicted parturition. Sows and their offspring were kept on partially slatted floor, and piglets were warmed with heating mats and infrared heaters. After weaning, piglets from two litters were placed into groups of around 20 and maintained in slatted floor pens without bedding. From the first day of life, all piglets were allowed continuous access to water (nipple drinkers), and from 6-7 days to solid feed (ad libitum feeding). Bonni-M Forte (Sano) was used as the first feed, and a week after weaning (day 42) a farm-produced feed based on cereals and Piglet concentrate (Josera) was introduced; it was fed from automatic feeders for 2 weeks, up to the end of observations at 56th day of age.
At 1st, 7th, 21st and 56th day of age, all piglets were individually weighed. The body weight (b.w.) on first day of age served as a basis for dividing the piglets into quartile groups, with 66, 73, 72 and 66 piglets in groups I (b.w. ≤1.20 kg), group II (b.w. 1.21-1.39 kg), group III (b.w. 1.40-1.59 kg) and group IV (b.w. ≥1.60-2.51 kg), respectively. The effect of piglet birth weight on growth rate and survival to 56nd day of rearing was monitored.
The results were statistically analysed using one-way analysis of variance (IBM SPSS Statistics 24). Pearson's coefficients of correlation were estimated within groups between piglet body weight on first day of age, subsequent body weights, and daily gains.
RESULTS AND DISCUSSION
In our study, the number of piglets born per litter averaged 12.59, which is considered satisfactory. The increase in litter size at birth results from the selection for prolificacy, the creation of lines with very good reproductive traits, and the widespread use of maternal heterosis, which is found in two-breed cross sows. The increases in sow fertility but also piglet mortality have been reported in many European herds of pigs (Boulot et al. 2008, Orzechowska and Mucha 2010) . Quiniou et al. (2002) report that when litter size increased from 11 to 16 piglets, the mean birth weight of piglets decreased by around 330 g and the proportion of light piglets (weighing less than 1 kg) increased by 16%. The percentage of stillborn animals increased among newborn piglets with such a low birth weight. There was also an increase in mortality on first day of age. The increased differences in neonatal body weight, similar to the body weight itself, may influence the productive traits, including the growth rate during rearing and fattening, as well as carcass muscling and fatness; low body weight has a slowing effect on weight gains and reduces carcass slaughter value (Milligan et al. 2002 , Tribout et al. 2003 , Gondret et al. 2005 , Boulot et al. 2008 , Beaulieu et al. 2010 .
The mean body weight of piglets obtained in our study (Table 1) is considered satisfactory (Rekiel et al. 2015) . According to Quiniou et al. (2002) , heavier newborn piglets are more viable and adapt more rapidly to the extrauterine environment. Share of 35% of piglets weighing less than 0.8 kg are stillborn, and those whose birth weight averages between 1.2 and 1.4 kg, account for only 4% of stillbirths.
Daily gains during the first week of life were greater in groups II and III vs I (P ≤0.05), and in group IV vs I, II, III (P ≤0.01) - Table 2 . The differences between groups II and III were not significant (P >0.05). Weight gains in group IV vs I, II and III were greater by 50.3 g (37.1%), 29.8 g (19.1%) and 27.9 g (17.7%), respectively. From 7th to 21st day of rearing, weight gains differed significantly between groups I and III vs IV (P ≤0.01) and between group II vs IV (P ≤0.05). Weight gains in group IV, in relation to groups I, II and III were greater by 24 g (9.8%), 19.3 g (7.7%) and 20.1 g (8.1%), respectively. From 22nd to 56th day of age, daily gains differed significantly between group I vs II, III, IV (P ≤0.01), and between groups II and III vs IV (P ≤0.05). In group IV compared to groups I, II and III, piglet weight gains were greater by 69.8 g (24.8%), 37.1 g (11.8%) and 23.8 g (7.5%), respectively. Daily gains from birth to 56 days of age showed significant differences between groups I vs II, III, and IV, and between groups II and III vs IV (P ≤0.01); no statistically significant differences were found between groups II and III (P >0.05). The mean daily gains were greater in group IV compared to groups I, II and III by 55.7 g (21.9%), 31.9 g (11.5%) and 23.9 g (8.3%), respectively. The results obtained between 8th and 21st day of age appear to be indicative of the preliminary stage of compensatory growth in piglets from groups I, II and III (Rehfeldt et al. 2012) . The coef- ficients of correlation for piglets from groups I (the lightest at birth) and IV (the heaviest at birth) confirm the relationship between birth weight and body weight at 7th (P ≤0.01), 21st (P ≤0.01) and 56th day of age (P ≤0.05), with a downward tendency for the calculated relationships (Table 3) . Furthermore, in group I piglet birth weight was correlated with daily gains from 1st to 7th day (r = +0.365, P ≤0.01) and from 1st to 56th day of age (r = +0.291, P ≤0.05). (2010) between the number of piglets born alive and their weight on day 21 was r = +0.40. The correlation obtained by the authors cited above between neonatal weight and body weight at 21 days was (r = +0.59). These relationships show the need to increase the mean body weight of the piglets as well as litter weight at birth, and to make it uniform. This is possible through hormonal and dietary treatment of pregnant sows during intensive fetal myogenesis (Rekiel et al. 2015) . The increasing liter size is paralleled by the increasing variation in neonatal weight, which clearly shows that piglets in the litter are becoming less uniform. The low birth weight combined with high within-litter variation is negatively correlated with piglet survival. In our study, mortality was 19.70, 10.96, 6.94 and 6.06% in groups I, II, III and IV, averaging 10.83% for the investigated group of piglets. Piglet survival in the groups is presented in the figure. The results obtained in groups III and IV vs I were better by about 13 percentage points and show that the neonatal weight of piglets should be optimized to about 1.4 kg.
According to Quiniou et al. (2002) , postnatal survival decreases by 95 to 15% when birth weight of piglets is reduced by 1.80 kg to <0.61 kg. In herds with medium fertility and neonatal weights, the losses do not exceed 6-8%, but an increase in litter size from 11 to 16 was found to result in mortality of 28%. Data confirming the high losses among piglets born to high-fertility sows, are also provided by Polish researchers. According to Jarczyk et al. (2009) , depending on farm and production cycle, mortality ranged from 3-5 to 14-17%. Mortality was 14-16% in litters of 13 to 15 piglets, and from 24 to over 30% in litters with more than 16 piglets. Jarczyk et al. (2009) also found a relationship between litter size and birth weight of piglets. The greater the litter size, the lower the neonatal weight: when sow fertility was ≥16 and ≤9, the mean birth weight of piglets was 1.27 and 1.73 kg, respectively (difference of 0.46 kg). This had an effect on the growth rate and body weight at days 21 and 82. The body weight of piglets from small litters was higher than for piglets from very large litters, by 0.60 kg (P ≤0.05) and 1.02 kg (P ≤0.01) on the above days of rearing, respectively. Similar results were obtained by Boulot et al. (2008) . When litter size increased from 7 to 16 piglets, Quiniou et al. (2002) found 
CONCLUSION
It is concluded based on the findings of the present study that the mean body weight of piglets at 7th, 21st and 56th days of age differed between groups I, II, III and IV. Daily gains in groups I-IV increased with each rearing period (day 1-7, 8-21, 22-56) . The differences between groups II and III were small (P >0.05), and those between groups I and IV considerable and highly significant. The coefficients of correlation for piglets from groups I (the lightest at birth) and IV (the heaviest at birth) confirm the relationship between birth weight and body weight at 7th (P ≤0.01), 21st (P ≤0.01) and 56th days of age (P ≤0.05), with a downward tendency for the calculated relationships. Furthermore, in group I piglet birth weight was correlated with daily gains from 1st to 7th day (r = +0.365, P ≤0.01) and from 1st to 56th day of age (r = +0.291, P ≤0.05). Mortality among neonatal piglets with low birth weight (≤1.20 kg) was high (19.7%). With an increasing mean body weight at birth, piglet survival increased and in group IV it was higher by 13.64 per centage points in relation to group I. The birth weight of piglets ≥1.60 kg ensures the best growth rate and survival of the piglets.
